The genus Nitrincola (family Oceanospirillaceae, class Gammaproteobacteria) was described by Dimitru et al. [1] to include non-pigmented, asporogenous, motile, Gramstaining-negative, rod-shaped cells of oxidase-and catalasepositive, non-fermenting, facultatively anaerobic, chemoorganotrophic, alkaliphilic bacteria. The type strain of the species Nitrincola lacisaponensis was isolated from Soap Lake, a meromictic soda lake in the Rocky Mountains (North America) [1] . Recently, two other species, Nitrincola alkalisediminis [2] and 'Nitrincola nitratireducens' [3] were described from Lonar Lake, an alkaline crater lake in the Deccan Plateau (India). At present, draft genome sequences are available for Nitrincola strain A-D6, an arsenic-resistant bacterium isolated from a Chilean salt flat [4] , and the strains DSM 16316 T of N. lacisaponensis [1] and AK23 of 'N. nitratireducens' [3] , an effectively but not validly published species name. In addition, members of the genus Nitrincola have been isolated frequently from haloalkaline soda lakes located worldwide in the warm arid and semiarid areas [5] [6] [7] [8] [9] .
The present study describes the polyphasic taxonomic characterization of strains T , R4-8 T and S4-12 cultivated from planktonic bacterial communities of Hungarian soda pans.
Strain T was isolated from the water of Zab-sz ek (46 50.190¢ N 19 10 .283¢ E) while strains R4-8 T and S4-12 were isolated from a thin layer of a purple bacterial bloom occurring in a soda pan near Soltszentimre (46 45.818¢ N 19 10 .828¢ E). Both sampling sites can be found in the Kiskuns ag National Park (Hungary), approximately 8 km from each other. Morphometric, physical and chemical characteristics of these water bodies were described by Boros et al. [10] .
The serially diluted water samples were spread on modified R2A medium (DSM-medium no. 830; www.dsmz.de) containing 0.5 g yeast extract, 0.5 g proteose peptone (Difco no. 3), 0.5 g casamino acids, 0.5 g glucose, 0.5 g soluble starch, 0.3 g sodium pyruvate, 0.3 g K 2 HPO 4 , 0.05 g MgSO 4 Â 7H 2 O, 15.0 g agar and 1000.0 ml distilled water supplemented with 5 % (w/v) NaCl, and S medium containing 1.0 g yeast extract, 0.6 g MgSO 4 Â 7H 2 O, 0.3 g CaCl 2 Â 2H 2 O, 10.0 g NaHCO 3 , 16.0 g gellan gum (Sigma Gelzan CM) and 1000.0 ml distilled water. The pH of the media was adjusted to pH 9.0. Strains ZV -19 T and R4-8 T were isolated on the modified R2A while strain S4-12 was isolated on the S medium. For maintenance of the three newly isolated strains, modified R2A medium supplemented with 5 % (w/v) NaCl (pH 9.0) was used. The growth of strains was also examined on modified nutrient medium (DSM-medium no. 1) supplemented with 5 % (w/v) NaCl (pH 9.0), Horikoshi alkaline medium (DSM-medium no. 940) and Nitrincola medium (DSM-medium no. 1174). An anoxic atmosphere for testing the anaerobic growth of strains was created by using an Anaerocult A Mini (Merck) gas generator system. Colony morphology of cultures grown for 24-48 h was observed on modified R2A medium using a stereo-microscope. The shape, size and arrangement of the cells were studied in Gram-stained preparations [11] . Motility was tested by phase-contrast microscopy of hanging-drop preparations using 24-hour-old cultures. The presence of flagella was demonstrated as described by Heimbrook et al. [12] . Catalase and Kov acs' oxidase activity, Hugh-Leifson's oxidation-fermentation test of D-glucose, methyl red and Barritt's Voges-Proskauer tests, nitrate reduction to nitrite or nitrogen, Baird-Parkers's phosphatase activity, production of H 2 S from cysteine and indole from tryptophan, aesculin hydrolysis and Simmons' citrate utilization tests were performed as described by Barrow and Feltham [13] . Urease activity, and hydrolysis of casein, gelatin, starch and Tween 80 were examined according to the methods of Smibert and Krieg [14] . The API ZYM (bioM erieux) enzyme activities were examined according to the manufacturer's instructions.
The pH range for growth was determined in nutrient broth supplemented with 5 % (w/v) NaCl, within a range between pH 5.0 and 12.0 at 1.0 pH unit intervals using the following buffer systems: Na 2 HPO 4 /citric acid (at pH 7.0), Tris/HCl (at pH 8.0-9.0) and Na 2 CO 3 /NaHCO 3 (at pH !10.0). Salt tolerance was studied in nutrient broth (pH 9.0) supplemented with 0-15 % (w/v) NaCl at intervals of 1 %. The influence of temperature on growth was investigated by incubation on nutrient agar medium supplemented with 5 % (w/v) NaCl (pH 9.0) at 5, 10, 15, 20, 25, 28, 37, 40 and 45 C. All physiological tests were performed in duplicate at the optimal temperature for each strain. [25] [26] [27] [28] C. Strains grew on modified nutrient and Horikoshi alkaline media and also under anaerobic atmosphere, but no growth was observed on Nitrincola medium. The rodshaped, Gram-staining-negative cells were motile by a single polar flagellum (Fig. S1 , available in the online version of this article). The differential physiological and biochemical characteristics of strains ZV-19
T , R4-8 T and S4-12, and furthermore the type strains of species of the genus Nitrincola, are presented in Table 1 . All three newly isolated strains were urease-negative, unlike the other species of the genus Nitrincola. In addition, strain ZV-19
T could be distinguished according to its tyrosine decomposition ability, while strains R4-8
T and S4-12 could be distinguished based on their negative citrate utilization. The novel isolates had a narrower temperature range and slightly lower temperature optimum for growth than the other species of the genus Nitrincola.
Cellular fatty acids were extracted according to the method of Stead et al. [15] and analysed by gas chromatography [16] following 48 h of cultivation on Horikoshi alkaline medium at 30 C. Isoprenoid quinones were extracted according to the method of Collins et al. [17] , and the profile was analysed by HPLC (HP 9001) [18] . Polar lipids were identified according to the method described by Minnikin et al. [19] using bacterial cells cultivated in modified nutrient broth (supplemented with 5.0 g NaCl l À1 and the pH was adjusted to pH 9.0) for 24 h at 28 C. Sample preparation for matrix-assisted laser-desorption/ionization time-offlight mass spectrometry (MALDI-TOF MS) protein analysis was performed as described by Tóth et al. [20] .
The cellular fatty acid profiles of strains T , R4-8 T and S4-12 were dominated by C 18 : 1 !7c, C 16 : 1 !7c and C 16 : 0 , similar to those found in other species of the genus Nitrincola (Table 2) . Nevertheless, differences were detected in the minor components (<10 %), as C 12 : 1 was only characteristic to strains R4-8 T and S4-12. Strain ZV-19 T could be distinguished from other species of the genus Nitrincola based on its trace amount of C 10 : 0 fatty acid content, while strains R4-8
T and S4-12 contained a trace amount and non-detectable C 12 : 0 fatty acid, respectively, compared with other species of the genus Nitrincola. Ubiquinone (Q-8) was the predominant respiratory quinone in strains ZV -19 T and R4-8 T ; however, Q-9 (1 %) was also present but only in R4-8 T . Besides phosphatidylethanolamine, the characteristic polar lipid of species of the genus Nitrincola [2, 3] , phosphatidylglycerol, an unknown lipid and an unknown phospholipid were found in strains ZV -19 T and R4-8 T (Fig. S2 ). In addition, strain T contained phosphatidylserine and an unknown aminolipid. These results clearly differentiate strain ZV-19
T from R4-8 T and S4-12. The MALDI-TOF MS spectra (Fig. S3) clearly differentiated our strains from the other species of the genus Nitrincola but confirmed the similarity of strains R4-8
T and S4-12 with each other and their separation from strain ZV -19 T .
The DNA base composition of strains ZV-19 T , R4-8 T and S4-12 was determined from bacterial cells disrupted by using a French press. Following purification of the DNA on hydroxyapatite according to the procedure of Cashion et al.
[21], the DNA was degraded to nucleosides using P1 nuclease and bovine intestinal mucosa alkaline phosphatase as described by Mesbah et al. [22] . The nucleosides were separated by reverse-phase HPLC (Shimadzu LC 20A) [23] . The G+C content of the DNA was calculated from the ratio of deoxyguanosine to thymidine. For 16S rRNA gene amplification, DNA was extracted by using a Bacterial Genomic DNA Mini-prep kit (V-GENE) according to the manufacturer's instructions, and 16S rRNA genes were amplified by PCR with the primers 27F (5¢-AGAGTTTGATCMTGGCT-CAG-3¢), 519F (5¢-CAGCAGCCGCGGTAATAC-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢). Purification and sequencing of the PCR products were performed by LGC Genomics (Berlin, Germany). The sequences obtained were compared with 16S rRNA gene reference sequences available in the EzBioCloud database [24] . Sequences were aligned with SINA [25] , while phylogenetic analyses (including the search for the best-fit model) were conducted using MEGA version 7.0 [26] applying maximumlikelihood (ML) and neighbour-joining (NJ) tree reconstruction methods. DNAÀDNA hybridization was carried out in 2Â SSC buffer at 67 C as described by de Ley et al. [27] , with the modifications described by Huss et al. [28] , using a model Cary 100 Bio UV/Vis spectrophotometer T differed only in a single nucleotide position from 'N. nitratireducens' AK23 (=JCM 18788) based on 16S rRNA gene sequence comparison. Phylogenetic analysis confirmed that the newly isolated strains belong to the genus Nitrincola, since they clustered with previously described species of the genus Nitrincola with high bootstrap values (Fig. 1) . Considering the 70 % DNAÀDNA relatedness threshold accepted for species delineation [32] , strain T and strain R4-8 T together with S4-12 occupied distinct positions within the genus Nitrincola (Table S1 ). Since the DNAÀDNA hybridization value (67±1 %) was close to the threshold level (70 %) suggested for species delineation, and contrary to other species within the genus Nitrincola, 'N. nitratireducens' could not be distinguished unambiguously from the most closely related N. alkalisediminis based on 16S rRNA gene analysis, therefore 'N. nitratireducens' [3] could be a synonym of the validly published species name N. alkalisediminis [2] . This was further supported by their very similar fatty acid patterns and phenotypic characteristics. Additionally, analysis of MALDI-TOF, RAPD-PCR and riboprint patterns (Figs S3-S5) supported that strains JCM 19317 T and JCM 18788 belong to the same species while R4-8 T and S4-12 are representatives of novel species, and confirmed that these closely related strains are not clonal isolates.
Based on the polyphasic analysis presented, it can be concluded that strain ZV-19
T represents a novel species, for which the name Nitrincola alkalilacustris sp. nov. is proposed; and strains R4-8
T and S4-12 represent another novel species, for which we propose the name Nitrincola schmidtii sp. nov. The type strain, R4-8 T (=DSM 100788 T =NCAIM B.02626 T ), was isolated from a thin layer of a purple bacterial bloom occurring in a soda pan in the Kiskuns ag National Park, Hungary. The DNA G+C content of the type strain is 45.8 mol%.
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